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more active against mutant than wild Abl
ICs (Abl wt)=26.1uM, IC5 (T3151)= 12.2uM

more active against Src ICs55= 24 uM
more active against K-562 (IC5,= 0.05uM)

acive equally against both Abl forms
IC5y (Abl wt)= 19.1uM, ICsq (T3151)=20uM

less active against Src IC55= 67uM
less active against K-562 (IC5y= 1.06uM)
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Abstract

Some novel 6-substituted pyrazolo[3lpyrimidines 4, 5, 6a-d, 7a-¢ 8 and
pyrazolo[4,3€][1,2,4]triazolo[4,3a]pyrimidines 9a-¢ 10a-¢ 11, 12a,h 13a-c and 14
were synthesized and characterized by spectral edeohental analyses. They were
screened for their biological activity vitro against Abl and Src kinases. Compoufids
and7b revealed the highest activity against both wild amutant Abl kinases as well as
the Src kinase and the leukemia K-562 cell lindeyl'can be considered as new hits for

further structural optimization to obtain bettetiwty.

Keywords: pyrazolo[3,4d]pyrimidines, Src inhibition, Abl inhibition, K-562ell line,
molecular modeling.
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1. Introduction

Cancer is considered as a health burden worldwige td its clinical and economic
outcomes. It is the second leading cause of ddtghthe cardiovascular diseases [1, 2].
The new cancer cases are expected to increase mw@s as 15 million per year by
2020, according to the World Health Organizationless further preventive measures
are put into practice [3]. The Agency for Healtlee&esearch and Quality estimates that
the direct medical costs (total of all health acaxpenditures) for cancer in the US in 2013
were $74.8 billion [1]. Chronic myeloid leukemiaNIC) is a type of cancer that starts in
certain blood-forming cells of the bone marrow.GML, a genetic change takes place
forming an abnormal gene called Bcr-Abl, which suthe cell into a CML cell. The
leukemia cells grow and divide, building up in thene marrow and spilling over into the
blood. In time, the cells can also settle in otparts of the body, including the spleen.
CML is a fairly slow growing leukemia, but it cafsa change into a fast-growing acute
leukemia that is hard to treat [1]. The future ahcer treatment depends on development
of targeted agents that specifically block key @it involved in progression of specific
types of cancer [4]. Therefore, the first-line treant for CML was the selective
inhibition of Bcr-Abl kinase activity by imatinib esylate (Gleevec). However,
resistance to Gleevec has been documented in matieough mutations both in and
outside the Bcr-Abl kinase domain leading to irdeghce with imatinib binding to Bcr-
Abl [5]. As a consequence, there was a growing rieedeveloping second-generation
small molecule inhibitors able to treat Gleevedstesit CML [6-9].

Second generation Abl inhibitors were synthesizadough rational drug design
approaches to overcome resistancel tfil0]. Recently, Novartis disclosed Nilotinib
(Fig.1,11), structurally related tb, which showed promising results in preclinicaldss
and was 10-25-fold more potent compared io cellular assays. Compount also
inhibited the growth of cell lines expressing BdotAnutants resistant to[11]. On the
other hand, unliké and its derivatived]l (Fig. 1) interacted with the peptide substrate
binding site of Abl and inhibited wild type kinad®-fold more potently thah, and it
also had activity against kinase domain mutatiessstant td [12].

Furthermore, many 4-amino-substituted pyrazolof@piximidines were synthesized

and found to be active on different oncogenic tyreskinases and cancer cell lines



depending on the nature and position of substituentthe heterocyclic core [13-23].
CompoundlV was an inhibitor of Abl (wild type) with K= 0.04 uM [22], while
compounaV had K = 0.025uM on Abl T315I (mutant form) (Fig. 1) [14]. Altholgthe
most widely accepted mechanism for imatinib resistas the presence of kinase domain
mutations [5], cells from patients resistant to timé express an activated form of the
(Src Family Kinases, SFKs) Lyn [24]. Moreover, Helnother SFK) and Lyn are over-
expressed and activated in CML blast-crisis padiearid their up-regulation correlates
with disease progression and resistance in cadkliand patients treated with imatinib
[25, 26]. Therefore, compounds that can inhibithb8tc and Abl might be useful in the
treatment of patients who have relapsed on imatiaild is known to share significant
sequence homology with Src and in its active canédion it bears remarkable structural
resemblance with most SFKs [27]. As a result, ABRipetitive compounds originally
developed as Src inhibitors frequently exhibitetepbinhibition of Abl kinase [28, 29].
Thus, several second generation Bcr-Abl kinasebitors targeting both Src and Abl
kinases were synthesized in order to combat intatesistance, such as dasatiiband
bosutinibVIl (Fig.2) [30, 31]. Additionally, many pyrazolo[3,d}pyrimidines that were
designed originally as Src inhibitors, exhibitedgm inhibition of Abl kinase as PP2,
VIII [32] and compoundX (Fig. 2) that revealed Ki values 0.22 and OuM\® against
Src and Abl enzymes, respectively [19].

It was found that most of the reported compoundsgezhsubstitutions at positions 1, 4
and 6 of the pyrazolo[3,d}pyrimidine core, therefore, this work aimed to kxp the
effect of the substitution of a phenyl ring at piasi 5 in addition to the functional
moieties at positions 1 and 6 hoping to developetieb structure activity relationship.
Moreover, some pyrazolo[4&f1,2,4]triazolo[4,3a]pyrimidines were prepared to study
the effect of this structure rigidification on thaological activity. Furthermore,
compounds with promising activity on the enzymeehbeen screened against Leukemia
K-562 cell lines. Moreover, the activity of the mastive compound against both Abl

and Src kinases has been validated through moletadeling technique.
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2. Results and discussion
2.1. Chemistry

The target compounds were synthesized as outlmedhemes 1, 2. Ethyl ethoxy
methylene cyanoacetatk [33] was reacted with phenyl hydrazine accordingthe
reported procedure [34] to obtain ethyl 5-aminokkipyl-1H-pyrazolo-4-carboxylate.
The pyrazolo[3,4-d]pyrimidine core & was formed from the reaction @and phenyl
isothiocyanate [35]. The reaction ®fwith methyl iodide in dry acetone in the presence
of potassium carbonate affordéd'H NMR spectrum showed the presence of a singlet
signal at 3.75 ppm corresponding to the methyl grolreatment of4 with excess
hydrazine hydrate in absolute ethanol resulted -imydazinyl derivative5. The IR
spectrum o demonstrated stretching bands at 3319, 3273 a@dca? corresponding
to NH, and NH, respectively. MoreovetH NMR of compound5 showed two
exchangeable signals at 5.64 and 9.68 corresponaliNgh, and NH, respectively, along
with the disappearance of the signal of the meghglp (Scheme 1). Condensationsof
with different aldehydes in absolute ethanol aféatdsa-d. 'H NMR spectra of
compound$a-drevealed an increase in the integration of thenat@ protons indicating
the presence of additional aromatic ring. The dtarsstic olefinic CH singlet signal
appeared at range 7.47-9.08 ppm. Moreover, comp6hrghowed the presence of OH
singlet signal at 10.08 ppm which disappeared wugerteration. Compoungd revealed
a singlet signal at 3.79 ppm corresponding to thethoxy group. Furthermore, the
hydrazine derivatives was stirred with various benzoyl chlorides in f{h@sence of
pyridine at room temperature to obtafa-c 'H NMR spectra of these compounds
revealed an increase in the integration of the atmnprotons indicating the presence of
an additional aromatic ring. Also, singlet signageared in the range of 9.74-13.17 ppm
for the 2NH protons which disappeared upon deutegwchange. In addition’C NMR
spectrum of7a and 7c supported the carbon skeleton of the obtained tsireicand
revealed the presence of an additional C=0 sigatl$71.3 and 169.2, respectively
(Schemel). Meanwhile, the target compo@aas obtained via reflux a solution 6f
with ethyl acetoacetate in presence of anhydrotesgmum carbonate in absolute ethanol.
'H NMR of compound showed the presence of a singlet signal at 2.4 gpe to the
methyl group,’*C NMR spectrum showed signals at 12.3 and 152.fesponding to



CHgz of the pyrazole and C=0 of the pyrimidinone, resipety. Additionally, the mass
spectrum exhibited the molecular ion peak at m/Z4.B8 The pyrazolo[4,3-
€][1,2,4]triazolo[4,3a]pyrimidines were prepared according to scheme Zrelthe
hydrazine derivative 5 was treated with differelplaatic carboxylic acids or benzoyl
chloride derivatives to affor@a-c and 10a-¢ respectively.'H NMR spectra of9a-c
showed the absence of NH and Nsignals Compounddb displayed a singlet signal at
2.40 ppm corresponding to the methyl group wBiterevealed triplet-quartet signals at
1.33 ppm and 2.78 ppm respectively, due to thel gfopp. On the other hantHl NMR
spectra oflOa-cshowed an increase in the integration of the argnpadtons indicating
the presence of an additional aromatic moiety. Moee, a singlet peak at 3.79 ppm
revealed the presence of methoxy group for compdidid The**C NMR was in good
agreement with the molecular formula of compouh@a andLOb, that, the presence of
methoxy signal at 55.9 and C=0 signal at 162.0iomefd the carbon backbone Btib.
Similarly, the reactio@f 5 with chloroacetyl chloride in glacial acetic acabsulted in 8-
chloromethyl derivativell. *"H NMR showed a singlet peak downfielded to 4.66 ppm
corresponding to methylene group. Compoub2igb were obtained by treatment bt
with morpholine and 4-phenyl piperazine, respetyiwe dry dioxane in the presence of
anhydrous potassium carbondt¢.NMR showed the presence of the methylene spacer
which upfielded to the range of 3.65-3.71 ppm imparison to 4.65 ppm of the starting
11 Also, multiple aliphatic signals with integratioof eight protons confirmed the
introduction of the new alicyclic amine. Additionghenyl ring was observed by
increased integration of the aromatic region fa ¢ompound.2b. It is noteworthy that
the reaction of5 with different isothiocyanates in pyridine affoddd3a-c without
isolation the thiosemicarbazide intermediates. Jinggested mechanism of this reaction
could be illustrated in Figure 3. Additionally, th@mation of cyclic compounds could
be confirmed by evolution of 4 during the reaction which stained the lead aegqtaper
with black color.
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'H NMR spectra revealed the presence of one exchhigsignal of NH at 6.26, 6.85
and 9.10 ppm fofl3a 13b and13¢ respectively’H NMR spectrum forl3a showed a
singlet peak at 2.88 ppm corresponding to the nheghgup Triplet-quartet pattern
exploited the presence of ethyl groupliBb while an additional aromatic ring ib3c
could be deduced from the increase in Ar-H integnat~inally, the reaction ob with
carbon disulfide in absolute ethanol in the presa@otassium hydroxide resultedlif
(Scheme 2)*H NMR spectrum was in good agreement with the I&cspm, in addition,
the presence of a signal at 167.8 ppm correspon@ing=S confirmed the obtained
structure. Mass spectrum displayed the moleculampiEak consistent with its molecular

weight.



2.2.1n vitro enzyme inhibitory assay

All the target compounds were evaluated for thazyene inhibitory activity in
in-vitro assays against wild type Abl (wt). First, Abl Jwtvas treated with the
compounds at a concentration of 100 pM and the Sidwal Abl (wt) activity of the
selected compounds was summarized in Table 1. 8etimmost promising compounds
at 100 pM Ta, 7b, 10a and 10b) have been further tested against the kinasesa8ic
PI3K and their % residual activity was presentedable 2. Moreover, the most active
compoundsra, 7b and 10b were also screened against the mutant Abl tyrokinase
(T315I), and their I are represented in Table 3.

Table 1% Residual Abl (wt) activity of compounds at 100 uM

Compd. % activity Abl (wt) at 100 % activity Abl (wt) at 100

D UM Compd. ID UM

4 84.0+9.0 9b 71.0+£8.0
5 46.0£6.0 9c 70.0+£7.0
6a 47.0+7.0 10a 28.0+3.0
6b 96.0 +£10.0 10b 17.0+2.0
6¢c 36.0+4.0 10c 68.0+7.0
6d 77.0+8.0 11 68.0+7.0
7a 6.3+x0.5 13a >100.0
7b 23.0+2.0 13b >100.0
7c 26.0+3.0 13c 33.0+£5.0
8 98.0 +8.0 14 66.0 £ 8.0
9a 39.0+4.0 Dasatinib <1.0

4values are the mean of two independent replice®ed +

Table 2.% Residual Src and PI3K activity of selected conmatsuat 100 uM

Compd. ID % activity Src at 100 uM % activity PI3K at 100 pM
7a 7+2° 100 £ 11
7b 20+4 80+ 10
10a 50+4 82+6
10b 35+3 90 +3

4alues are the mean of two independent replice®ed +



Table 3 The 1Go (M) of selected compounds toward Src, Abl (wijl &83151 Abl and
their (cytotoxic concentration) GgagainsK-562 cell line.

CCso (UM) +SDF

Colrgpd- IC so(M) +SD° ICso(UM) +SDP  ICso(uM) £SO’ Leukemia K-562
(Src) (Abl wt) (Abl T315I) Cell line

5 n.of nd nd 2.3700 = 0.0800

6¢c n.df 110.0000 + 10.0000 rid 4.0600 * 0.1400
7a 4.7000+0.7000  20.9000+0.9000  13.8000 = 0.8000 0.0700 +0.0020
7b 24.0000 + 2.0000  26.1000 + 0.5000  12.2000 + 0.50000.0500 + 0.0010
7c n.cf 65.6000 + 0.6000 n°d 0.8600 = 0.0200
10a n.cf 40.0000 + 5.0000 ned 0.9200 + 0.0300
10b 67.0000 £ 8.0000 19.0000 +1.0000  20.0000 + 2.0000 1.0600 +0.0500
13c n.d 150.0000 + 10.0000 rfd 4.9200 +0.1600
ppY¥ 0.1800 £ 0.0500 0.5000 + 0.2000 néd 24.5000 £ 0.7500
Dasatinib n.d 0.0040 + 0.0002 0.0800 + 0.0200 0-2500 +0.0200

®n.d = not determined

® values are the mean of two independent repliceSed.
values are the mean of tetrareplicates +S.D

4 Pp2, pyrazolopyrimidine Src/Abl inhibitor [19]

From the obtained results (Tables 1, 2 and 3) & whserved that among the
tested compounds, only compourds/b and 10b are the most active against the wild
type Abl. Compound¥a and7b also displayed comparable activity against Sr¢,ni
against PI3K. Interestinglyp-methoxybenzohydrazidéb and its unsubstituted anal@g
revealed also better activity against mutant AI81(31) with IG, equal to 12.2 and 13.8
MM, respectively. CompountlOb, the cyclized form of7b, also maintained the same
activity against the mutant as observed againstile type (1Go of 20 uM and 19.1
UM, respectively). On the other hand, the cyclaawf 7b into 10b resulted in decreased
the activity against Src kinase withsiCvalues of 24 and 67 uM, respectively. Thus,
compounds/a, 7b and 10b seem to be resilient towards the resistance irbgethe
gatekeeper mutation T315l. Their chemical scaffotdsild be further exploited to
develop dual Src-Abl inhibitors, also active agaitige clinically relevant Abl mutant
T315I.



2.3. In vitro cytotoxic activity against LeukemigbB2 cell line

Eight compounds that showed promisingo®alues against Abl enzyme (wt)
were tested for their cytotoxic activity againse theukemia cell line K-562. This
screening was performed at Vacsera, Cairo, Egygttha results are summarized in
Table 3. The tested compounds revealed remarkabigtywith cytotoxic concentration
CGCsp ranging from 0.05 to 4.92M. Moreover, from the obtained results, structure
activity relationships revealed that acylation @impound5 with unsubstituted or 4-
methoxybenzoyl chloride resulted in the most actieevatives7a and7b, respectively.
On the other hand, the 4-chloro derivative revealed a lower activity. Thus, the
presence of an electron donating group is moreréle than an electron withdrawing
moiety. On the other hand, conversion of the hydmzderivative 5 into 4-
fluorobenzohydrazonéc resulted in decrease in the activity. Furtherm@&earyl-1H-
pyrazolo[4,3€][1,2,4]triazolo[4,3a]pyrimidine-4(HH)-ones 10a,b exhibited higher
activity than the phenylamino congerie3c. Moreover, cyclization of7a,b into 10a,b
resulted in decrease in the cytotoxic activitygeneral, the C& values exerted towards
the K-562 cell line were lower than the correspagdiCsy values towards the single
recombinant Src or Abl enzymes (Table 3). Howethez effects of the compounds at the
cellular level may be amplified through signal wsduoction cascades activated in
response to the simultaneous inhibition of both &nd Abl activity, resulting in a
synergic effect. In addition, differences betweervitro enzymatic assays and cellular
viability measurements may also account for theserepancies. For example, the

absolute enzyme concentrations are surely diffdyetweernn vitro and cellular tests.

2.4. Molecular modeling

Molecular docking techniqgue was used to interpte¢ bbserved promising
activity of compound/7b on both Abl types. Therefore, docking @b into the three
dimensional X-ray crystal structure of the wild ¢ypuman Bcr-Abl kinase (PDB code:
4WAD9) and at the crystal structure of human Abl Fi3gatekeeper mutant form (PDB
code: 4TWP) [36] both in complex with axitinib weparried out using Accelry’s
Discovery Studio software package [37]. The seabectof these X-ray resolved

complexes for the docking study was based on proyid comparative perspective for



the conformational changes taking place in the ewzypon ligand binding. Recently,
axitinib was shown to bind the wild form of Abl lage in the inactive state known as
“DFG out” in which the catalytic Asp381 is orientasvay from the ATP binding site
while Phe382 is oriented towards the binding s88].[ Regarding the mutant form,
axitinib was shown to bind to the active state knag “DFG in” where the Asp381 is
oriented towards the ATP binding site while PheB3ariented inwards. The validity of
the docking protocol was ensured by re-dockinghef ¢o-crystallized axitinib into the
active site of both forms. The coordinates of thstlscoring docking pose of axitinib was
compared with its coordinates in the co-crystatli&DB files based on the binding mode
and root mean square deviation (rmsd). The re-abtigand showed an rmsd of 0.938
A° with CDOCKER interaction energy of -55.3216 la¢ twild type Bcr-Abl kinase and
an rmsd of 0.713 A° with CDOCKER interaction eneafy58.2649 at the mutant form
(Figure 4, 5). In both, axitinib was forming twodrggen bonds with the amino acids of
the hinge region Glu316 and Met318. Tw#a interactions were formed with Phe317 and
additional hydrogen bonds with Tyr253 and Lys27Yenaso reported. In the wild form
of Abl kinase, the methoxy substituted phenyl7im was extending towards the hinge
region where its methoxy group was engaged in adggh bond with the crucial Met318
(Figure 6). Multiple pi interactions between Phe282 both pyrazolopyrimidine and its
1-phenyl moiety was reported while the 5-phenyl etypiwas forming a cation-pi
interaction with Lys271.



TYR263

Fig. 4. Superimposition of the co-crystallized 3D struetwf axitinib (green) and its top
docking pose (red) in the active site of the wyldd Bcr-Abl kinase (PDB: 4WA9)

TYR253

Fig. 5. Superimposition of the co-crystallized 3D structafexitinib (green) and its top
docking pose (red) in the active site of mutant-Bbf kinase (PDB: 4TWP)



Fig. 6. Overlay of axitinib (green) and compounld (magenta)in the active site of the
wild type Bcr-Abl kinase (PDB: 4WAD9)

An interesting feature in the top docking posé&loft the active site of T315] mutant, as
compared to the wild form, was the flipping of ti@lecule in a fashion that allowed a
good alignment with that of axitinib binding fashi¢Figure 7). The pyrazole ring was
engaged in one hydrogen bond with Met318. The pyeaand the 1-phenyl ring were
forming pi interactions with Phe317. Since Phe3B2the T315] mutant form was
oriented away from the ATP binding site, its invatvent in pi interactions withib as in
the wild enzyme is not expected. This change érdhative position of Phe382 may also
result in providing a larger room to accommodatertiolecule in a binding mode similar
to that of axitinib. It is worth mentioning thatitieer Thr315 in the wild nor lle315 in the

mutant forms were involved in any interactions wittmpoundrb.



Fig. 7.Overlay of the best docking pose of compoudbdmagenta) and axitinib (green)
in the active site of T3151 mutant Bcr-Abl kinasbB:4TWP)

The three dimensional X-ray crystal structure & Emase domain of c-Src in complex
with a substituted pyrazolopyrimidine (PDB code: 2/) was used for molecular
docking of compoundga and7b [39]. The selection of this x-ray resolved complex was
based on the structural similarity between the cmmps 7a and 7b with the co-
crystalized ligand. The co-crystallized ligand naieted with the kinase domain of c-src
through pi interactions with Tyr 340 and Lys 29%l drydrogen bonds with Met 341 and
the gate keeper Thr 338 (Fig.8).



Fig. 8. The cocrystallized pyrazolopyrimidine in c-Src @Dode: 402P)

The best docking poses of compouidsaand7b in the kinase domain of c-Src revealed a
hydrogen bond between Lys 295 and the carbonyl thaiethe core of compound&
and7b. Lys 295 was also involved in a cation-pi intei@ctwith the phenyl ring. Tyr 340
in the hinge region interacted with the phenyl ring7a or the methoxy substituted
phenyl in7b through a pi-pi interaction. The electron donatiregure of the methoxy
group in7b is hypothized to decrease the aromatic interactith the electron rich
phenyl ring of Tyr 340. Met 341 was in close promynto the hydrazide oxygen in both
compounds. The target compourntisand 7b were not involved in interaction with the
THR338 (Fig. 9, 10). It is worthy to mention thaetpyrazolopyrimidine core ifa and

7b was flipped relative to the native co-crystallizend.



Fig. 9. The best docking pose of compoufalin the active site of the kinase domain of
c-Src(PDB: 402P)

Fig. 10.The best docking pose of compoufidin the active site of the kinase domain of
c-Src (PDB: 402P)



3. Conclusion

Some novel pyrazolo[3,d}pyrimidines and pyrazolo[4,8}{1,2,4]triazolo[4,34]
pyrimidines were synthesized through facile proceduThey revealed mild to moderate
activity against both Src and Abl (wt) kinases. @oumnds/a, 7b and10b were the most
active compared to the other derivatives againgt bazymes and the mutant Abl type
T135I, and the leukemia K-562 cell line. Howevengoint of interest in the present
study, is the identification of chemical scaffolftompounds7a, 7b and 10b), which
were unaffected by the T315] mutation and can Ioidén exploited in order to develop

specific inhibitors for this clinically relevant rtant.

4. Experimental
4.1. Chemistry

Melting points were determined by open capillarybeu method using
Electrothermal 9100 melting point apparatus and amcorrected. Elemental
microanalyses were performed at the Regional Céatdylycology and Biotechnology,
Al-Azhar University. The infrared spectra (IR) weszorded as potassium bromide discs
on Schimadzu FT-IR 8400S and Bruker FT-IR 122434i3ctrophotometers at Faculty
of Pharmacy, Cairo University and Central Reseatcib, Nahda University,
respectivelyH NMR spectra were recorded on Bruker spectrophetermat 400 MHz.
Chemical shift valuesd] are given in parts per million (ppm) downfieldorin
tetramethylsilane (TMS) as internal referenti€ NMR spectra were recorded using
Bruker, 100 MHz NMR spectrometer at Microanalytidahit, Faculty of Pharmacy,
Cairo University.Mass spectra were performed onnkgm MAT, SSQ 7000 mass
spectrophotometer at 70eV.Reactions were followedoy thin layer chromatography
(TLC), using Silica gel/TLC cards DC-Alufolien-Kieksgel with fluorescent indicator
UV254 using chloroform or hexane : ethyl acetate46as the eluting system and the
spots were visualized using VilberLourmet ultragidamp at=254nm.
Compoundd [33], 2 [34], 3 [35] were prepared according to reported procedure



4.1.1.6-(Methylthio)-1,5-diphenyl-1,5-dihydro-4Hraxo0lo/3,4-djpyrimidin-4-one4

A mixture of3 (3.20 g, 10 mmol) and anhydrous potassium carleofiaé5 g, 12 mmol)

in dry acetone (50 mL) was stirred at room tempeeator 1 h., then methyl iodide (7.10
g, 50 mmol) was added dropwise and the mixture ezded under reflux for 8 h. The
solvent and the excess methyl iodide were evapbrateler reduced pressure and the
remaining residue was poured onto ice cold watkee. Separated product was crystallized
from acetone to obtain white crystalline solid. Mié6: 76 (2.43 g), m.p.: 232-232. IR
Vmax, €M 3053 (Ar-CH), 2954 (aliph-CH), 1701 (C=0)'H NMR (DMSO-ds, 400
MHz): 3.75 (s, 3H, -SC§J, 7.14 (d, 1HJ = 7.56 Hz, Ar-H), 7.29 (d, 1H]) = 7.88 Hz,
Ar-H), 7.41- 7.54 (m, 3H, Ar-H), 7.81 (t, 1H,= 7.40 Hz, Ar-H), 8.01 (t, 2H) = 7.92
Hz, Ar-H), 8.64 (d, 2H,) = 8.00, Ar-H), 8.69 (s, 1H, H3az0d. "°C NMR (DMSO-ds,
100 MHz): 43.0 (S-Ch), 103.7 (Céyrazol9, 121.3, 125.3, 125.7, 127.0, 127.7, 128.3,
129.5, 129.6, 129.7, 137.1, 137.2, 139.1, 146.3,85157.0 (Ar-C), 158.4 (C=O).
Anal.Calcd. for GgH14N4OS (334.09): C, 64.65; H, 4.22; N, 16.75. Found6&81; H,
4.29; N, 17.01.

4.1.2.6-Hydrazinyl-1,5-diphenyl-1,5-dihydro-4H-pyraz@o4-dfoyrimidin-4-oneb

To a solution of compound (3.34 g, 10 mmol) in ethanol (50 mL), hydrazinelfate
(80%) (0.1 g, 20 mmol) was added and the reactiotune was refluxed for 12 h. The
reaction mixture was cooled and the formed preaiipitvas filtered, washed with ethanol
to obtain V as a white powder. Yield 71% (2.25m)p.: 201-203C. IR vmax, cm*: 3319,
3273 (NH), 3207 (NH), 3082 (Ar-H), 1699 (C=0OjH NMR (DMSO-ds, 400 MHz):
5.64 (s, 2H, NH, exchanged with fD), 7.14 (t, 1HJ = 7.34 Hz, Ar-H), 7.34 (t, 1H] =
7.38 Hz, Ar-H), 7.40 (t, 2H) = 7.86 Hz, Ar-H), 7.52 (t, 2H] = 7.90 Hz, Ar-H), 7.79 (d,
2H,J = 7.76 Hz, Ar-H), 8.09 (d, 2H] = 7.76 Hz, Ar-H), 8.18 (s, 1H, H3az09, 9.68 (s,
1H, NH, exchanged with ). MS m/z (%): 318.13 (K] 2.66), 77.05 (100.00).
Anal.Calcd. for G/H14N6O (318.12): C, 64.14; H, 4.43; N, 26.40. Found: C364H,
4.49; N, 26.71.



4.1.3. General procedure for preparationGaf-d
A mixture of equimolar amounts of compouidand the appropriate aromatic aldehyde
(20 mmol) in absolute ethanol (50 mL) was reflufed4-7 h. The separated solid was

filtered while hot and washed with ethanol to dilre corresponding hydrazone product.

4.1.3.1. 6/2-(Benzylidene)hydrazinkl,5-diphenyl-1,5-dihydro-4H-pyrazolo[3,4-d]
pyrimidin-4-oneba

The reaction time was 7 h, yield 65% (2.64 g), m}i0-164C. IR vmayx cm: 3421
(NH), 3059 (Ar-H), 1724 (C=0)H NMR (DMSO-ds, 400 MHz): 7.30 (t, 1HJ = 7.36
Hz, Ar-H), 7.44-7.59 (m, 14H, 12Ar-H, NH exchangsih D,O, and —CH=N), 8.02 (d,
2H, J = 7.92 Hz, Ar-H), 8.46 (s, 1H, H3azd. °C NMR (DMSO, 100 MHz): 103.2
(Cloyrazaid, 121.1, 125.3, 126.9, 128.5, 129.3, 129.5, 1303D.4, 131.9, 132.9, 137.1,
139.1, 151.4 (Ar-C), 151.6 (C=0), 152.4 (C=N). M&r{?b): 406.21 (M, 4.13), 404.21
(100.00). Anal.Calcd. for £H1sNsO (406.44): C, 70.92; H, 4.46; N, 20.68. Found: C,
71.08; H, 4.52; N, 20.89.

4.1.3.2. 6f2-(2-Hydroxybenzylidene)hydrazifl,5-diphenyl-1,5-dihydro-4H-pyrazolo
[3,4-d]pyrimidin-4-one6b

The reaction time was 5h, yield 72% (3.04 g), mlB6-187C. IR vmay, cm™: 3213 (br-
OH), 3196 (NH), 3062 (Ar-CH), 1687 (C=O% NMR (DMSO-ds, 400 MHz): 6.73 (t,
1H,J = 7.48 Hz, Ar-H), 6.85 (d, 2H] = 8.68 Hz, Ar-H), 7.02 (m, 1H, Ar-H), 7.13-7.24
(m, 3H, Ar-H), 7.32-7.50 (m, 2H, Ar-H), 7.56 (t, 181= 7.86 Hz, Ar-H), 7.65-7.69 (m,
2H, Ar-H), 8.07-8.09 (m, 3H, N=CH + 2 Ar-H), 8.28, (LH, H3yraz0), 9.18 (s,1H, NH,
exchanged with BD), 10.08 (s, 1H, OH, exchanged with@). **C NMR (DMSO-ds,
100 MHz): 103.5 (Chrazo9, 116.3, 119.8, 121.2, 122.3, 123.8, 125.5, 12T28.9,
129.5, 131.2, 136.4, 136.7, 151.9, 153.7 (Ar-CR.45C=0), 155.8 (C=N). Anal.Calcd.
for CyyH1gNeO, (422.44): C, 68.24; H, 4.29; N, 19.89. Found: C488.H, 4.35; N,
20.04.

4.1.3.3.  6£2-(4-Fluorobenzylidene)hydrazinyl,5-diphenyl-1,5-dihydro-4H-pyrazolo
[3,4-d]pyrimidin-4-one6c



The reaction time was 7h, yield 61% (2.59 g), m282-223C. IR vmax, cm™: 3332 (NH),
3059 (Ar-CH), 1712 (C=0)‘H NMR (DMSO-ds, 400 MHz): 6.81 (d, 1H) = 9.44 Hz,
Ar-H), 7.14-7.28 (m, 2H, Ar-H), 7.30-7.49 (m, 4Hy-N), 7.53-7.57 (m, 3H, CH=N +
Ar-H), 7.64-7.69 (m, 2H, Ar-H), 8.07 (d, 2H= 7.88 Hz, Ar-H), 8.18 (dd, 1H},= 5.95,
6.08 Hz, Ar-H), 8.21 (s, 1H, B3az00, 9.20 (s, 1H, NH exchanged with®). **C NMR
(DMSO-ds, 100 MHz): 104.2 (C4razaid, 116.1, 116.3, 121.0, 121.5, 121.6, 124.5, 127.1,
128.8, 129.5, 129.6, 130.1, 130.2, 138.9, 148.0,ALfAr-C), 152.7 (C=0), 154.8 (C=N).
MS m/z (%): 424.18 (M 11.63), 186.08 (100.00). Anal.Calcd. for8:7FNsO
(424.43): C, 67.92; H, 4.04; N, 19.80. Found: C188H, 4.12; N, 19.97.

4.1.3.4. 6f2-(4-Methoxybenzylidene)hydrazipl, 5-diphenyl-1,5-dihydro-4H-pyrazolo
[3,4-d]pyrimidin-4-one6d

The reaction time was 4h, yield 81% (3.53 g), n2f4-215C. IR vmax, cmi’: 3321 (NH),
3035 (Ar-CH), 2953 (aliph-CH), 1660 (C=CGH NMR (DMSO-ds, 400 MHz): 3.79 (s,
3H, OCH), 7.01 (d, 2HJ = 8.88 Hz, Ar-H), 7.29 (t, 1H) = 7.38 Hz, Ar-H), 7.43-7.47
(m, 5H, 4 Ar-H, and NH), 7.58 (s, 1H, N=CH), 7.6fr 6, 5H, Ar-H), 8.01 (d, 2H] =
7.88 Hz, Ar-H), 8.43 (s, 1H, H3az0. *C NMR (DMSO-ds, 100 MHz): 55.9 (OCH),
102.0 (C4yrazoid, 114.9, 121.1, 122.3, 124.3, 126.7, 127.0, 12829.5, 130.4, 136.6,
138.3, 139.1, 151.1, 151.7, 162.1 (Ar C), 157.4@¢=161.0 (C=N). MS m/z (%):
436.39 (M, 1.18), 44.03 (100.00). Anal.Calcd. fopsB20N¢O> (436.47): C, 68.80; H,
4.62; N, 19.25. Found: C, 68.97; H, 4.73; N, 19.39.

4.1.4. General procedure for preparation#atc.

A solution of compound (3.18 g, 10 mmol) and the appropriate benzoyl roddo (10
mmol) in pyridine (20 mL) was stirred at room temgiare for 3-6 h. The reaction
mixture was poured onto cold water and neutralizétl acetic acid. The obtained solid

was filtered, washed several times with water agdtallized from methanol.

41.4.1. N’-(4-Oxo-1,5-diphenyl-4,5-dihydro-1H-pyado[3,4-d]pyrimidin-6-yl)benzo-
hydrazidera



The reaction time was 6h, yield 56% (2.36 g), MF9-181C. IR vmax cm™: 3318 (NH),
3070 (Ar-CH), 1685 (br 2 C=0}H NMR (DMSO<ds, 400 MHz): 7.21 (d, 1HJ = 7.48
Hz, Ar-H), 7.35-7.52 (m, 8H, Ar-H), 7.58-7.63 (mH2Ar-H), 7.74 (t, 2HJ = 7.60 Hz,
Ar-H), 7.96 (d, 2H,J = 7.48 Hz, Ar-H), 8.47 (s, 1H, H@a0d, 11.23 (s, 1H, NH,
exchanged with BD), 12.96 (s, 1H, NH, exchanged with@. *C NMR (DMSO4s,

100 MHz): 105.7 (Chrazod, 121.3, 122.0, 124.4, 125.3, 126.9, 127.8, 12828).9,
131.2, 132.1, 132.6, 133.2, 137.3, 137.8, 148.7QAr167.8 (C=Qyrimidinond, 171.3
(C=0). MS m/z (%): 422.21 (k) 12.56), 404.19 (100.00). Anal.Calcd. fo58:NsO,

(422.15): C, 68.24; H, 4.29; N, 19.89. Found: C388H, 4.36; N, 20.02.

4.1.4.2. 4-Methoxy-N’'-(4-oxo-1,5-diphenyl-4,5-ditord H-pyrazolo[3,4-d]pyrimidin-6-
yl)benzohydrazid@b

The reaction time was 3h, yield 78% (3.52 g), m197-200C. IR vmax, cm™: 3255 and
3209 (2NH), 3062 (Ar-CH), 2935 (aliph-CH), 1685 (brC=0)."H NMR (DMSO-s,
400 MHz): 4.04 (s, 3H, OC#), 7.20 (t, 1HJ = 7.36 Hz, Ar-H), 7.34 (t, 1H] = 7.26 Hz,
Ar-H), 7.42 (t, 2HJ = 7.78 Hz, Ar-H) 7.49 (t, 2H]) = 7.72 Hz, Ar-H), 7.59-7.71 (m, 4H,
Ar-H), 8.01 (d, 2H,J = 7.96 Hz, Ar-H), 8.06 (d, 2H] = 7.96 Hz, Ar-H), 8.21 (s, 1H,
H3pyrazold, 9.74 (S, 1H, NH, exchanged with,®), 11.20 (s, 1H, NH, exchanged with
D,0). *C NMR (DMSO4ds, 100 MHz): 55.1 (OCH), 104.4 (Céyrazoid, 110.7, 113.5,
118.5, 119.6, 123.2, 126.5, 127.4, 129.1, 130.2,8,343.1, 149.0, 150.7, 160.9 (Ar-C),
163.7 (C=0), 171.0 (C=0). Anal.Calcd. fopsH,0N6O3(452.16): C, 66.36; H, 4.46; N,
18.57. Found: C, 66.62; H, 4.50; N, 18.74.

4.1.4.3. 4-Chloro-N-(4-ox0-1,5-diphenyl-4,5-dihgdtH-pyrazolo[3,4-d]pyrimidin-6-
yl)benzohydrazid&c

The reaction time was 4h, yield 59% (2.69 g), m2A5-217C. IR vmax, cmi’; 3421 and
3387 (2 NH), 3100 (Ar-CH), 1786 and 1720 (2 C=).NMR (DMSO-dg, 400 MHz):
7.33 (t, 1H,J = 8.44 Hz, Ar-H), 7.46 (t, 1H) = 7.90 Hz, Ar-H), 7.51-7.66 (m, 4H, Ar-
H), 7.72 (d, 2HJ = 8.56 Hz, Ar-H), 7.95 (d, 2H] = 8.48 Hz, Ar-H), 8.01 (d, 2H] =
7.80 Hz, Ar-H), 8.16 (d, 2H) = 8.60 Hz, Ar-H), 8.47 (s, 1H, H3az9, 13.17 (s, 2H,
2NH, exchanged with D). *C NMR (DMSOds, 100 MHz): 105.4 (Cjrazold, 123.4,



126.4, 129.1, 130.6, 131.4, 131.7, 131.8, 132.3,713.33.5, 133.8, 134.9, 139.3, 140.5,
141.2, 152.8 (Ar-C), 154.5 (CH@midinond, 169.2 (C=0). MS m/z (%): 456.14 (M
3.63), 458.86 (NI+ 2, 1.11), 40.15 (100.00). Anal.Calcd. fos8:7CINGO, (456.11): C,
63.09; H, 3.75; N, 18.39. Found: C, 63.31; H, 3N318.52.

4.15. 6-(5-Hydroxy-3-methyl-1H-pyrazol-1-yl)-1,tpaenyl-1,5-dihydro-4H-pyrazolo
[3,4-d]pyrimidin-4-one8

A mixture of compound (3.18g, 10 mmol), ethyl acetoacetate (1.3g, 10 Hmraod
anhydrous potassium carbonate (2.07g, 15 mmoljhanel (30 mL) was heated under
reflux for 11h. The reaction mixture was cooled &mel precipitated solid was collected
by filteration, washed with water, dried and crliistad from ethanol to give white
crystalline solid. Yield %: 53 (2.01 g), m.p.: 1492C. IR vmax, cmi’: 3394 (br —OH),
3094, 3051( Ar-CH), 2981, 2928 (aliph-CH), 1709 @='H NMR (DMSO-ds, 400
MHz): 2.41 (s, 3H, Ch), 7.29 (t, 1HJ = 7.36 Hz, Ar-H), 7.45 (t, 2H] = 7.80 Hz, Ar-
H), 7.63-7.74 (m, 7H, 6 Ar-H, and OH exchanged W#®), 7.98 (d, 2H,) = 7.96 Hz,
Ar-H), 8.40 (s, 1H, H3razo. °C NMR (DMSOds, 100 MHz): 12.3 (Ch), 103.1
(Clpyrazaid, 121.1, 126.8, 127.9, 129.5, 130.2, 132.2, 13739.1, 150.2, 151.2, 151.4
(Ar-C), 152.4 (C=0). MS m/z (%): 384.18 (I3.59), 137.08 (100.00). Anal.Calcd. for
C21H16N602 (384.13): C, 65.62; H, 4.20; N, 21.86. Found: Cy&5H, 4.25; N, 21.99.

4.1.6. General procedure for preparation9a#c.

A mixture of compound (3.18 g, 10 mmol) and different aliphatic carbogygicid (30
mL) was heated under reflux for the appropriateeti®10 h. After evaporation of the
excess acid under reduced pressure, the remaiolagjos was poured onto ice water.

The obtained solid was filtered, washed with wadeied, and crystallized from ethanol.

4.1.6.1. 1,5-Diphenyl-1H-pyrazolo[4,3-e][1,2,4]tdalo[4,3-a]pyrimidin-4(5H)-on®a

The reaction time was 10 h, yield 67% (2.19 g),.mlA8-119C. IR vmax, cmi’: 3065,
3047 (Ar-CH), 1724 (C=0O)*H NMR (DMSO-ds, 400 MHz): 7.36 (t, 1HJ = 7.40 Hz,
Ar-H), 7.52-7.58 (m, 3H, Ar-H), 7.68 (t, 2H,= 7.82 Hz, Ar-H), 7.95 (d, 2H] = 7.72
Hz, Ar-H), 8.10 (d, 2H)J = 7.80 Hz, Ar-H) 8.45 (s, 1H, H3az01d, 9.36 (S, 1H, Hdazole).



3C NMR (DMSO4s, 100 MHz): 103.0 (Chrazod, 121.5, 124.0, 127.3, 129.3, 129.7,
130.1, 133.0, 137.0, 138.7, 142.3 (Ar-C), 152.4Q¢=MS m/z (%): 328.15 (f] 17.67),
77.05 (100.00). Anal.Calcd. forig11,NeO (328.11): C, 65.85; H, 3.68; N, 25.60. Found:
C, 65.97; H, 3.72; N, 25.89.

4.1.6.2. 8-Methyl-1,5-diphenyl-1H-pyrazolo[4,3-eR14]triazolo[4,3-a]pyrimidin-
4(5H)-onedb

The reaction time was 6 h, yield 81% (2.77 g), ml4-125C. IR vmay, cmi*: 3055 (Ar-
CH), 2982, 2928 (aliph-CH), 1712 (C=CGH NMR (DMSO-ds, 400 MHz): 2.41 (s, 3H,
CHa) 7.29 (t, 1HJ = 7.38 Hz, Ar-H), 7.45 (t, 2H] = 7.88 Hz, Ar-H), 7.63-7.70 (m, 3H,
Ar-H), 7.73 (d, 2H,J = 7.52 Hz, Ar-H), 7.98 (d, 2HJ =7.92 Hz, Ar-H), 8.40 (s, 1H,
H3pyraz0d. °C NMR (DMSO4ds, 100 MHz): 12.3 (CHy), 103.2 (Cyrazo, 121.1, 121.2,
122.3, 126.8, 127.9, 128.9, 129.5, 130.2, 130.2,2.3.36.6, 137.0, 139.1, 150.2, 151.2,
151.4 (Ar-C), 152.4 (C=0). MS m/z (%): 342.14 (M17.32), 77.07 (100.00).
Anal.Calcd. for GgH14NeO (342.12): C, 66.66; H, 4.12; N, 24.55. Found:66.85; H,
4.17; N, 24.72.

4.1.6.3. 8-Ethyl-1,5-diphenyl-1H-pyrazolo[4,3-eR14]triazolo[4,3-a]pyrimidin-4(5H)-
one9c

The reaction time was 7 h, yield 86% (3.06 g), ml33-134C. IR vmax, M’ 3067,
3055 (Ar-CH), 2978, 2944, 2920 (aliph-CH), 1712 @="H NMR (CDCk, 400 MHz):
1.33 (t, 3HJ = 7.48 Hz, CH), 2.78 (q, 2H,J = 7.48 Hz, -CH-), 7.21 (t, 1HJ = 7.38 Hz,
Ar-H), 7.35 (t, 2H,J = 7.82 Hz, Ar-H), 7.48 (d, 2H] = 7.72 Hz, Ar-H), 7.60-7.65 (m,
3H, Ar-H), 8.01 (d, 2H,J =7.96, Ar-H), 8.31 (s, 1H, H3az9."*C NMR (CDCk, 100
MHz): 10.4 (CH), 19.7 (CH), 103.2 (Cfyrazo9, 120.8, 126.1, 127.1, 128.8, 130.1,
130.3, 131.4, 136.5, 138.9, 149.3, 151.8, 151.9QAr154.5 (C=0). MS m/z (%):
356.17 (M, 12.05), 77.05 (100.00). Anal.Calcd. fopoB16NsO (356.14): C, 67.40; H,
4.53; N, 23.58. Found: C, 67.62; H, 4.61; N, 23.70.

4.1.7. General procedure for preparationldia-c.



A mixture of compound (3.18 g, 10 mmol) and the appropriate benzoyl otio(12
mmol) in dry pyridine (10 mL) was heated underueffor 24 h. The reaction mixture
was cooled and the formed precipitate was filtevemkhed with water then ethanol, dried

and crystallized from ethanol.

4.1.7.1. 1,5-Diphenyl-8-phenyl-1H-pyrazolo[4,3-eR M]triazolo[4,3-a]pyrimidin-
4(5H)-one 10a

Yield 59% (2.38 g), m.p.: 218-22D. IR vmay, ci’: 3059, 3017 (Ar-CH), 1721 (C=0).
'"H NMR (DMSO-dg, 400 MHz): 7.30 (t, 1HJ = 7.20 Hz, Ar-H), 7.44-7.59 (m, 12H, Ar-
H), 8.01 (d, 2H,J = 8.40 Hz, Ar-H), 8.46 (s, 1H, H3az0d. “°C NMR (DMSOds, 100
MHz): 103.2 (C4yrazod, 121.1, 125.3, 126.9, 128.5, 129.3, 129.5, 1303D.4, 131.9,
132.9, 137.1, 139.1, 150.7, 151.5, 151.6 (Ar-C)2.45(C=0). Anal.Calcd. for
Co4H16N6O (404.15): C, 71.28; H, 3.99; N, 20.78. Found: C491H, 4.06; N, 20.96.

4.1.7.2. 8-(4-Methoxyphenyl)-1,5-diphenyl-1H-pytapg 3-€][1,2,4]triazolo[4,3-a]
pyrimidin-4(5H)-one10b

Yield 79% (3.42 g), m.p.: 229-231. IR vmay, cmi: 3082, 3063 (Ar-CH), 2965, 2926
(aliph-CH), 1720 (C=0)'H NMR (DMSO-ds, 400 MHz): 3.79 (s, 3H, OCHi 7.00 (d,
2H,J = 8.40 Hz, Ar-H), 7.29 (t, 1H) = 7.16 Hz, Ar-H), 7.42-7.46 (m, 4H, Ar-H), 7.60
(s, 5H, Ar-H) 8.00 (d, 2H) = 7.92 Hz, Ar-H), 8.43 (s, 1H, H3az0. “°C NMR (DMSO-

ds, 100 MHz): 55.9 (OCh), 103.2 (Cyrazod, 114.8, 117.2, 121.0, 126.8, 128.5, 129.5,
130.1, 130.4, 131.0, 133.1, 137.1, 139.1, 150.7,315151.6 (Ar-C), 162.0 (C=0). MS
miz (%): 434.22 (M, 3.83), 77.06 (100.00). Anal.Calcd. fobsH1NeO, (434.17): C,
69.11; H, 4.18; N, 19.34. Found: C, 69.34; H, 412519.49.

4.1.7.3. 8-(4-Chlorophenyl)-1,5-diphenyl-1H-pyraddl 3-e][1,2,4]triazolo[4,3-
a]pyrimidin-4(5H)-one 10c

Yield 75% (3.28 @), m.p.: 229-231. IR vmayx, cm’: 3060 (Ar-CH), 1723 (C=0)*H
NMR (DMSO-ds, 400 MHz): 7.30 (t, 1HJ = 7.40 Hz, Ar-H), 7.46 (t, 1H) = 7.80 Hz,
Ar-H), 7.51 (d, 1HJ = 8.80 Hz, Ar-H), 7.56-7.60 (m, 3H, Ar-H), 7.71 @H,J = 8.40
Hz, Ar-H), 7.94 (d, 2H, = 8.00 Hz, Ar-H), 8.01 (d, 2H] = 8.00 Hz, Ar-H), 8.16 (d, 2H,



J = 8.40 Hz, Ar-H), 8.47 (s, 1H, H3azd. °C NMR (DMSOds, 100 MHz): 103.2
(Choyrazod, 121.1, 125.3, 126.9, 128.5, 129.3, 129.5, 129361, 130.4, 131.9, 132.9,
137.2, 139.1, 150.8, 151.6 (Ar-C), 152.4 (C=0). M& (%): 438.14 (M, 11.04), 440.16
(M*+ 2, 4.69), 77.06 (100.00). Anal.Calcd. fog8:sCINGO (438.10): C, 65.68; H, 3.45;
N, 19.15. Found: C, 65.84; H, 3.41; N, 19.34.

4.1.8. 8-Chloromethyl-1,5-diphenyl-1H-pyrazolo[4}1,2,4]triazolo[4,3-a]pyrimidin-
4(5H)-onell

A mixture of5 (3.18 g, 10 mmol) and chloroacetyl chloride (1882 mmol) in acetic
acid (15 mL) was heated under reflux for 4 h. Téaction mixture was cooled, poured
onto water (50 mL) and the solid was filtered, drend crystallized from acetic acid.
Yield: 55.1% (2.10 g), m.p: 254-256 °C. 1Rax cmi™: 3098, 3063, 3046, (Ar-CH), 2972
(aliph-CH), 1717 (C=0)*H NMR (CDCk, 400 MHz): 4.66 (s, 2H, -CH)), 7.25 (t, 1HJ

= 7.22 Hz, Ar-H), 7.38 (t, 2H] = 7.78 Hz, Ar-H), 7.60-7.68 (m, 5H, Ar-H), 8.01 @H,

J = 8.08 Hz, Ar-H), 8.33 (s, 1H, H3azl. °C NMR (DMSOds, 100 MHz): 48.5
(CHy), 103.3 (C4yrazold, 121.3, 127.0, 127.9, 129.6, 130.3, 130.8, 13137,.2, 139.0,
149.7 (Ar-C), 151.4 (C=0). Anal.Calcd. fordEl;3CINgO (370.08): C, 60.56; H, 3.48; N,
22.30. Found: C, 60.67; H, 3.51; N, 22.48.

4.1.9. General procedure for preparationida,b.

A mixture of 11 (3.76 g, 10 mmol), the appropriate alicyclic amif@® mmol) and
anhydrous potassium hydroxide (0.1 g) in dioxar rfi.) was refluxed for 24 h. The
reaction mixture was cooled and poured onto iceewafhe formed precipitate was

filtered, washed with water, dried and crystallizZexin ethanol to afford2a,b.

4.1.9.1. 8-Morpholinomethyl-1,5-diphenyl-1H-pyraddl 3-e][1,2,4]triazolo[4,3-a]
pyrimidin-4(5H)-onel2a

Yield: 65% (2.77 g), m.p: 261-263 °C. Wy cri’: 3094, 3051 (Ar-CH), 2955, 2928,
2855 (aliph-CH), 1717 (C=O)H NMR (CDCk, 400 MHz): 2.52-2,54 (m, 4H, 4
morpholing,  3.59-3.61 (M, 4H, bk morpholing, 3.65 (S, 2H, -Cht), 7.27 (t, 2HJ = 6.82 Hz,
Ar-H), 7.41 (t, 2H,J = 7.86 Hz, Ar-H), 7.62-7.69 (m, 4H, Ar-H), 8.06 @, J = 7.92



Hz, Ar-H), 8.38 (s, 1H, H3razad. ©)C NMR (DMSO+s, 100 MHz): 52.5 (Ch), 52.8 (N-
CHz morphoiny), 66.4 (O-CH morphoiing), 103.2 (Clyrazad, 121.2, 126.8, 127.7, 127.9,
129.6, 130.0, 130.2, 130.4, 132.2, 132.7, 137.9,11350.2, 150.5, 151.2, 151.5 (Ar-C),
152.4 (C=0). MS miz (%): 427.17 (M 1.56), 40.14 (100.00). Anal.Calcd. for
CasH21N70,(427.18): C, 64.63; H, 4.95; N, 22.94. Found: CB864H, 5.04; N, 23.17.

4.1.9.2. 1,5-Diphenyl-8-(4-phenylpiperazinyl)methid-pyrazolo [4,3-e][1,2,4]triazolo
[4,3-a]pyrimidin-4(5H)-onel2b

Yield: 73 % (3.66 g), m.p > 300 °C. IRnax, ci’: 3060 (Ar-CH), 2926, 2854, 2826
(aliph-CH), 1715 (C=0OYH NMR (CDCk, 400 MHz): 2.69 (br s, 4H, 44 piperazin}, 3.10
(br s, 4H, H 5 piperaziny, 3.71 (s, 2H, -Cht), 6.89-6.94 (m, 3H, Ar-H), 7.41-7.51 (m, 6H,
Ar-H), 7.63-7.69 (m, 4H, Ar-H), 8.06-8.08 (m, 2Hs-A), 8.39 (s, 1H, Hraz0. °C
NMR (CDCk, 100 MHz): 49.7 (piperazine-C), 52.0 (9H52.8 (piperazine-C), 103.4
(Cloyrazod, 116.1, 116.7, 117.3, 117.2, 120.1, 120.6, 12126.3, 126.7, 126.9, 127.2,
128.9, 129.1, 129.3, 129.4, 130.3, 131.5, 136.8.414150.1 (Ar-C), 152.0 (C=0).
Anal.Calcd. for GgH26NgO (502.22): C, 69.31; H, 5.21; N, 22.30. Found:6€.46; H,
5.27; N, 22.47.

4.1.10. General procedure for preparationl@a-c

A mixture of compound (3.18 g, 10 mmol) and the substituted isothiocydhfemmol)

in pyridine (10 mL) was refluxed for 12-24 h. Thawdion was cooled, poured onto ice
water and acidified with acetic acid. The formedqipitate was filtered, washed several

times with water and crystallized from ethanol tio@ the desired compounds.

4.1.10.1. 8-Methylamino-1,5-diphenyl-1H-pyrazol8g][1,2,4]triazolo[4,3-a]pyrimidin
-4(5H)-onel3a

The reaction time was 12 h, yield: 60 % (2.14 g)p:m84-186 °C. |Rymax cm’: 3321
(NH), 3066, 3034 (Ar-CH), 2924, 2853 (aliph-CH),017(C=0).'"H NMR (DMSO-s,
400 MHz): 2.88 (s, 3H, -C¥), 6.26 (s, 1H, NH, exchanged with@®@), 7.08 (t, 1HJ =
7.20 Hz, Ar-H), 7.23 (t, 2H) = 7.20 Hz, Ar-H), 7.45-7.54 (m, 5H, Ar-H), 7.88 @H, J
= 7.60 Hz, Ar-H), 8.09 (s, 1H, H3az0d. *°C NMR (DMSOds, 100 MHz): 34.0 (CH),



108.4 (C4yrazod, 125.5, 125.6, 130.8, 132.2, 133.6, 134.7, 1383%.5, 140.8, 140.9,
143.9, 153.3, 156.1, 156.7, 157.2 (C=0). MS m/z:(387.14 (M, 100.00), 358.14
(M*+1, 25.19). Anal.Calcd. for {gH1sN;O (357.14): C, 63.26; H, 4.23; N, 27.44. Found:
C, 63.02; H, 4.32; N, 27.65.

4.1.10.2. 8-Ethylamino-1,5-diphenyl-1H-pyrazolog][2,2,4]triazolo[4,3-a]pyrimidin-
4(5H)-onel3b

The reaction time was 12 h, yield: 55 % (2.04 g)p:m.93-195 °C. |Rymax CM™: 3219
(NH), 3080 (Ar-CH), 2971 (aliph-CH), 1697 (C=OH NMR (DMSO-ds, 400 MHz):
1.20 (t, 3H,J = 7.00 Hz, CH), 3.30 (q, 2HJ = 6.01 Hz, CH), 6.85 (t, 1HJ = 5.20 Hz,
NH exchanged with D20), 7.26 (t, 1B 7.20 Hz, Ar-H), 7.42 (t, 2H] = 7.40 Hz, Ar-
H), 7.62-7.68 (m, 5H, Ar-H), 7.98 (d, 2H,= 8.00 Hz, Ar-H), 8.32 (s, 1H, H3azo.-
*C NMR (DMSO«ds, 100 MHz): 14.7 (CH), 37.5 (CH), 103.6 (Céyrazoi, 120.9, 126.6,
128.3, 129.5, 130.3, 131.1, 136.6, 139.2, 149.3,515151.6 (Ar-C), 152.0 (C=0). MS
m/z (%): 371.14 (M, 74.95), 185.96 (100.00). Anal.Calcd. fos8;/,N;O (371.15): C,
64.68; H, 4.61; N, 26.40. Found: C, 64.79; H, 416326.58.

4.1.10.3. 1,5-Diphenyl-8-phenylylamino-1H-pyrazdl8e][1,2,4]triazolo[4,3-a]
pyrimidin-4(5H)-onel3c

The reaction time was 24 h, yield: 63 % (2.64 g)yp:i241-242 °C. |Romax, cmi: 3321
(NH), 3066, 3034 (Ar-CH), 2924, 2853 (aliph-CH),017(C=0).'"H NMR (DMSO-s,
400 MHz): 7.07 (t, 1HJ) = 7.32 Hz, Ar-H), 7.28 (t, 1H] = 7.42 Hz, Ar-H), 7.37 (t, 2H]

= 7.84 Hz, Ar-H), 7.44 (t, 2H] = 7.86 Hz, Ar-H), 7.65-7.77 (m, 7H, Ar-H), 8.00 @H,

J = 8.04 Hz, Ar-H), 8.37 (s, 1H, H3az0, 9.09 (s, 1H, NH, exchanged with®). **C
NMR (DMSO-ds, 100 MHz): 103.6 (Cdrazod, 119.8, 120.9, 123.2, 126.7, 128.7, 129.2,
129.5, 130.2, 130.5, 131.2, 136.8, 139.2, 139.9,014.49.1, 151.4 (Ar-C), 151.8 (C=0).
MS m/z (%): 419.14 (M 32.33), 77.05 (100.00). Anal. Calcd. fog8:,N;O (419.15):
C 68.72; H, 4.09; N, 23.38. Found: C, 69.01; H54N, 23.52.

4.1.11. 1,5-Diphenyl-8-thioxo-7,8-dihydro-1H-pyréz@,3-¢/1,2,4fpyrimidin-4(5H)-

onel4



To a mixture of5 (3.18 g, 10 mmol) and potassium hydroxide (0.2gabsolute ethanol
(20 mL) at 0 C, was added carbon disulfide (1.53 g, 20 mmolpie portion. The
resulting mixture was refluxed with stirring forh8. The solvent was evaporated under
reduced pressure and the residue was acidified 2ittydrochloric acid. The formed
solid was filtered, washed with water and crystelli from ethanol. Yield: 62.4% (2.24
g), m.p 178-81°C. IRumax, cmi*: 3395 (NH), 3063 (Ar-CH), 1693 (C=0), 1207 (C=8).
NMR (DMSO-dg, 400 MHZz): 7.24 (t, 1HJ) = 7.32 Hz, Ar-H), 7.39-7.47 (m, 4H, 3 Ar-H
and NH exchanged with D), 7.54 (t, 2HJ = 7.60 Hz, Ar-H), 7.62 (d, 2Hl = 7.76 Hz,
Ar-H), 8.04 (d, 2H,J = 8.04 Hz, Ar-H), 8.23 (s, 1H, H3az. °C NMR (DMSO4s,
100 MHz): 103.1 (C#razod, 120.6, 126.2, 128.3, 128.7, 128.8, 129.4, 13%38K.6,
139.5, 150.1, 150.8 (Ar-C), 152.1 (C=0), 167.8 (L38S m/z (%): 360.19 (M 0.58),
44.03 (100.00). Anal.Calcd. for16H:,NgOS (360.08): C 59.99; H, 3.36; N, 23.32.
Found: C, 60.17; H, 3.34; N, 23.57.

4.2. In-vitro enzyme inhibitory assay

The mechanism of kinase inhibition was investigatethg a cell-free assay with
commercially available recombinant Src, PI3K, Ahitant T315l according to the
reported procedure [21]. Activity was measured gidimeir respective specific peptide
substrates. Reaction conditions were: 0.QM [y>?P]ATP, peptide 5QuM (Abl), 250
KM (Src), or 200 pM (PI3K) and 0.08 uM Src, 0.15 8K or 0.022uM c-Abl/T315I
Abl. Dose-response curves were generated by fithegdata by computer simulation to
the following equation: By = E mad (1+ [I}/IDsg), where E(y)is the fraction of the
enzyme activity measured in the presence of théiioh, E .« is the activity in the
absence of the inhibitor, [I] is the inhibitor c@mtration and Ik is the inhibitor
concentration at which ) = 0.5 Enax Each experiment was done in two independent
replicatesand mean values were used for the interpolation.



4.3. In-vitro cytotoxicty MTT assay

Antiproliferative activity of the target compoundss determined in cells treated
with the different concentrations of the tested poonds in comparison with untreated
control using MTT assay as follows
The cells were grown on a medium supplemented W@%o inactivated fetal bovine
serum. The cells were maintained at 37°C in a hfieadatmosphere with 5% CGGand
were subcultured two to three times a week. Diffemmncentrations of 100, 10, 1.0, 0.1
and 0.01 micro moleuyM) of each compound were tested for cytotoxicitetréiplicate
wells were prepared for each concentration in aadito cell control (cell only without
compounds). Culture media containing different emi@ation of tested compounds and
dead cells were decanted leaving only viable agt@ddells into the tissue culture plate.
MTT reagent (4Qul) was added to each well including blank and nggatontrol wells.
The plates were incubated in dark for 4 hrs for tb@uction of MTT into formazan
(purple needle color) by dehydrogenase activitymitochondria of viable cells. The
absorbance was measured at 570 nm, then the payeentt cell survival was calculated.
The inhibitory concentration 50 (§g) was calculated by plotting log molar concentnatio
of the tested compounds against survival rate perce

4.4. Molecular Docking

X-ray crystal structure of the three dimensionata¥- crystal structure of axitinib in
complex with the wild type human bcr-Abl kinase @ode: 4WA9), its T315I
gatekeeper mutant (PDB code: 4TWP) and c-Src (Pad.c402P) were downloaded
from http://www.rscb.org/pdb. All molecular modwdi calculations and docking studies
were carried out using Discovery Studio softwareDy13259 running on a Windows7
PC [37].

4.4.1. Binding Site Sphere Determination
The protein-ligand complexes obtained from the girodata bank were prepared for
docking as follows: deletion of one of the protaihains, deletion of all the co-

crystallized water molecules. Automatic proteingan@tion module was used applying



CHARMmM forcefield. The binding site sphere has beefined automatically by the
software.

4.4.2. Preparation of Target Compounds for Docking

The docked compounds were prepared for dockingppyyang the following protocol,
2D structures of the docked ligands were built gsMarvin Sketch and copied to
Discovery Studio 4. Ligands were prepared usingepBre Ligands” protocol in
Discovery Studio where hydrogen atoms were addedeat standard geometry, optical
isomers and 3D conformations were automaticallyegsied.

4.4.3. Running Docking

Docking was performed using CDOCKER protocol in doigery Studio keeping the
parameters at default. The best scoring pose ofitlsked compounds was recognized.
Receptor-ligand interactions of the complexes vestamined in 2D and 3D styles.
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Highlights:

- Some pyrazolo[3,4-d]pyrimidines were prepared as dua Src-Abl inhibitors.

- Compounds 7a, 7b revealed good activity against the T315] mutant Abl and Src.
- Compound 10b exerted equal inhibition against both Abl forms.

- 10Db, the rigide analog of 7b showed a decreased activity against both enzymes.
-These compounds showed promising cytotoxic activity against K-562 cell line.



